In European countries, many territories have experienced and are still experiencing a depopulation, caused by a deficit of births relative to deaths, a negative net migration, or both. At the same time, many of these territories are also facing the population aging process, caused by a decrease in births and prolonged rise in longevity. Depopulation and the population aging processes are strongly connected. The aim of this work is to study the relationship between depopulation and the aging population and the sustainability of the two phenomena. We studied these phenomena in the Italian territories in the period of 1951-2011. The study was conducted by using the census data of the Italian municipalities. The correlation coefficient between depopulation and aging population indicators was calculated in order to investigate the relationship between the two phenomena. A regression model was applied in order to understand if population aging is linked to population variation. Finally, the municipalities, which experienced continuing depopulation, are examined in depth. Our results show that a strong depopulation trend contributed to subsequent levels of population aging, but recent population aging has also contributed to ongoing depopulation, creating a vicious circle. Long-term depopulation and continuing population aging does not seem to be sustainable in the near future.
Introduction
Demographic changes have affected both population size and its structure. At the end of the twentieth century, birth reduction and the increase of life expectancy in European countries should have resulted in a negative or stable population growth rate [1] ; however, immigration counteracted these processes and contributed to a population increase [2] . Nonetheless, at subnational levels, many territories experienced, and are still experiencing, a population decrease. This can be caused by a deficit of births relative to deaths, a negative net migration (immigration minus emigration), or both. The negative balance of births and deaths is often combined with a negative net migration [3] . The emigration from marginal areas began with industrialization and has not come to an end [4] . This has caused a significant negative variation in population in many territories-a process known as depopulation. This has been present in various territories of the European continent for a long time [3] .
At the same time, the decline in fertility and improvements in mortality rates are determining population aging in many countries and in different parts of the world [5, 6] . The fall in births and in mortality rate in older age is influencing the age structure of the population. This is particularly true in Italy, where the prolonged fall of fertility rates, and consequently of births, has coincided with a sharp, prolonged rise in longevity [7] . Mortality improvement has sometimes been presented as the primary driver of long-term population aging, but the primacy has usually been given to fertility decline [8] . Not only the histories of fertility and mortality, but also that of migration are written into the population age structure [9] . The effect of migration on population aging is generally regarded as minor in most situations, but internal migration can have a great impact on the aging of local populations [10] . So, the demographic dynamics has caused and will continue to cause population aging, which is the increase in the population above the age of 65 in absolute terms, both as compared to the younger population and as a proportion of the total population [11] . Population aging is unquestionably the most important demographic force of the first half of the twenty-first century [12] .
From a demographic point of view, depopulation is strongly connected with population aging [13] . Depopulation is determined by a deficit of births relative to deaths and/or a negative net migration. The deficit of births over deaths means fewer babies, and so, "over time, a decline in the number of babies will mean fewer young people and proportionally more people at older ages" [14] . Negative net migration is mostly determined by intense emigration. Migrants tend to be young, so the process of population aging can be accelerated in territories with high numbers of people who migrate elsewhere [15] . On the other hand, young adults leave higher-aged areas because of the lack of economic and social possibilities.
Emigration, depopulation, low birth rates, and high levels of aging marginalize rural areas and put access to basic services at risk [16] . Depopulation processes, particularly combined with population aging, constitute a serious challenge for society, the economy, and policy [17] . Indeed, one of the European Union's economic policy guidelines is to ensure social and territorial development and cohesion [18] .
In Italy, the population has increased generally, but after 1995, without foreign immigration, a depopulation would have been verified [19] . Demographic and socio-economic transformations lead to important changes in population distribution among the Italian territories and in the population age structure of the different Italian regions.
Depopulation processes in Italy and in other developed areas are happening in parallel with global and national population growth. So, while some countries and sectors are facing problems and challenges connected with rapid population increase, other countries and sectors are dealing with the effects of fast depopulation [20] .
Since the 1970s, low levels of fertility (under the replacement fertility rate) and ongoing reductions in mortality have allowed the Italian population to become one of the oldest in the world [7] . The process of population aging in Italy has not been uniform across space and time, but rather it varies widely across different geographical areas of the country. Many small Italian areas are experiencing a much higher level of population aging [21] . So, depopulation and population aging, as well as the spatial distribution of population, constitute one of the main challenges for Italian society. The combination of a very old population, highly depopulated areas, and large regional differences has made the population dynamics in Italy very interesting to study.
The general aim of this work is to understand the sustainability of depopulation and the aging population together. We want to study the phenomena of depopulation and population aging in the Italian territories in the period of 1951-2011, by analyzing the most detailed administrative level, the municipalities (also known as local administrative units or LAUs). In this study, the census data of the population between 1951 and 2011 was used.
The first aim is to observe and describe the depopulation evolution in the various Italian territories. The second aim is to study the relationship between depopulation and population aging. In particular, this analysis aims to verify whether the most depopulated municipalities are the most aged. Furthermore, we want to verify how depopulation contributed to population aging in different time periods in the Italian municipalities. Our hypothesis is that strong depopulation has contributed to high levels of population aging, but also that the recent population aging has contributed to constant depopulation, creating a vicious circle. The third aim is to analyze if depopulation in the aged municipalities can be sustainable in the near future.
The Historical and Demographic Context
Since World War II, the Italian population has experienced relevant changes, because of the demographic dynamics of births, deaths, and migration. Indeed, in the relatively short time between 1961 and 2011, Italy experienced epochal demographic changes: since 1950s, the reduction in infant mortality; in the 1960s, the "baby boom"; since1970s, the reduction in adult and senile mortality; and in the 1980s and 1990s, the decrease in fertility. The low level of fertility (under the replacement fertility rate) determined a natural population decline [22] . The constant mortality reduction allowed Italy to reach the same high levels of life expectancy as most other developed countries [23] . Lastly, during the period between 1961 and 2011, Italy turned from an emigration country to an immigration country [19] .
In Italy, the population continued to increase until the 1980s. After a period of stability, it started to increase again in the 1990s, thanks to foreign population. Since the 1970s, the reduction of births caused the decrease in the natural balance. It remained positive until 1995 and then turned negative. After 1976, net migration became positive, and since 1995, it has been relevant to the population increase [24] .
Many Italian areas have experienced and are continuing to experience a depopulation similar to other developed regions. In particular, the Central and Northern populations have increased in comparison to the Southern and island populations. In some small areas, some subpopulations have disappeared or decreased, while others have drastically increased [25] .
These demographic trends affected the population age structure, which now appears very altered. The proportion of the population over 65 years was 22.2% in 2011, while the share of people under 15 years 13.6%. The aging index, the ratio of people over 65 years and people under 15 years, is equal to 163.6. However, since the 1990s, immigration has not only contributed to a slight increase in the Italian population but has also made the population aging process less drastic [26] .
In a deeper analysis of the territorial levels (major socio-economic regions, regions, provinces, and municipalities), internal migration was found to have an important role. Since the 1950s, migration has become fundamental in shaping the Italian demographic dynamic. Between the end of World War II and the middle of the 1970s, migration trajectories were distributed in many directions [27] . For example, internal migration patterns went from the South to the Center and Northwest, from the East to the West, from small and medium centers to larger urban aggregates, from the mountains to the hills and plains, and from rural to industrial areas [28] . During this period, industrialization and socio-economic development had a more positive impact on the standard of living in urban areas in comparison to rural areas [25] . These differences in socio-economic development were mirrored in the demographic trends. The migration from rural areas to urban centers made these rural areas more vulnerable [29] .
Since the middle of the 1970s, the level of migration has reduced and migration from the South to the North has also decreased. Long-distance migration decreased both in absolute value and in proportion to short-distance migration. Nevertheless, migration from rural to urban areas has continued to be relevant [27] .
Internal migration has contributed to shape economic differences between the Italian territories [30] , and it has also been responsible for the depopulation of some areas. This migration has had an important role and a double impact on the Italian territories. On one hand, migration has depopulated some areas, but on the other hand, it has populated other areas. So, at the same time, it has contributed both to marginalize some areas and to make other territories more developed [31] .
Emigration and its impact on fertility and population aging has continued to contribute to rural depopulation. Past demographic trends were so intense that their consequences will continue to be strong in the medium-and long-term. Population decline causes social and economic changes that can exacerbate the issue [29] . Then, dynamics such as fertility decreases and strong emigration patterns, diffused in peripheral areas, are spreading out in other areas. Depopulation and its evolution in the various Italian territories depend on a combination of the various characteristics of the relevant area.
The typology of the territory, the role of agriculture, the industrialization process, and the different demographic dynamics contribute to shape the depopulation evolution.
Nevertheless, few recent studies have been conducted on depopulation in Italy, except in small areas such as some Alpine regions.
Data and Methods
This study was conducted by using ISTAT (National Institute of Statistics) census data of the Italian municipalities (LAUs) for the period of 1951-2011. An effort was made to adopt a unified and comparable territorial breakdown, which was based on the location of the boundaries in 2011. Municipality boundaries and total resident population were recorded in the ISTAT database "8mila Census". In the case of the aggregation of two or more municipalities, the population over 65 years was calculated for every census year as the sum of two or more municipal populations over 65 years. In case of disaggregation of two or more municipalities, the population over 65 years was calculated for every census year as a division of two or more municipal populations over 65 years, in proportion to the total population. There are 8092 municipalities, which are heterogeneous in population and territorial size, but they are the most detailed territorial units. Because depopulation is a phenomenon recorded in a local population, the most detailed administrative unit is the only appropriate level at which to study depopulation.
Depopulation is measured by the negative numerical variation in the population of the areas. To this end, the population variations between different years were calculated for every inter-census period. In this paper, the depopulation indicator between two census years was the negative percentage variation in the resident population in two censuses:
where i was the i-mo municipality; t was the considered census year and t + 10 was the next census year; and P was the total resident population.
The negative percentage variation in the population for the inter-census period between 1951 and 2011 in each municipality was calculated.
The indicator of the population aging was constructed for the census years from 1961 to 2011 in each municipality. This indicator was the proportion of the population over 65 years in the census year: %P 65+i (t) = 100 × (P 65+i (t)/P i (t)) i = 1 . . . 8092.
where i was the i-mo municipality; t was the considered census year; P 65+ was the resident population over 65 years; and P was the total resident population.
First of all, a detailed descriptive analysis was conducted to depict the depopulation evolution in the Italian municipalities.
Pearson's correlation coefficient between depopulation and population aging indicators was calculated in order to investigate the relationship between the two phenomena. The percentage variation between the population at the beginning of the period and at the end of the period was used as a depopulation indicator. The percentage of people over 65 years was used as an indicator of population aging.
The test for association between two variables was applied using Pearson's product moment correlation coefficients.
A regression model was applied in order to understand whether population aging was linked to population variation in the Italian territories. This model was applied to every census year (1961, 1971, 1981, 1991, 2001 , and 2011) for each municipality. The dependent variable was the percentage of the old population (indicator of population aging) in every census year. The explicative variable was the relative variation in the population (indicator of depopulation) in the pre-inter-census period. Finally, the municipalities that show depopulation in every considered period were examined in depth. The question is whether long-term depopulation and strong population aging are sustainable in the near future.
Results
In the considered period, there was high depopulation in the first two decades (between 1951 and 1961 and between 1961 and 1971) , when most of the municipalities were involved in this process. The means of the depopulation indicators were high, despite the fact that the Italian population experienced an increase during these two periods. In the next decades, depopulated municipalities were always less. The means of depopulation indicators and the variability of the phenomenon decreased. In general, depopulation decreased, but the reductions were not so relevant. In the last decade, the number of depopulated municipalities declined significantly (Table 1) . Table 1 . Depopulation in Italian municipalities. Descriptive statistics of the negative percentage variation in the population residents (%NVAR i ) for inter-census periods (1961-1971, 1971-1981, 1981-1991, 1991-2001, and 2001-2011 Source: our own elaboration on ISTAT data.
In the first two decades, from 1951 to 1961 and from 1961 to 1971, depopulation in the Italian municipalities was more intense than in the following periods. Depopulation influenced the majority of both mountain and rural municipalities. In the first period, it affected the Northern municipalities to a greater extent. In the second decade, it had a greater impact on the Southern and island municipalities. These areas contributed more to the high level of internal migration verified during the 1960s (Figure 1) . In this period, migration towards industrialized and urban areas exacerbated the phenomenon in low-population areas. The depopulation was mirrored in the consequent abandonment of rural and mountain areas. In the municipalities, the mean of the depopulation indicator increased from 12.4 to 14.8, so the depopulation was widespread and involved most of the municipalities: 63.9% in the first period and 65.5% in the second period. Meanwhile, the growth rate of the Italian population increased from 5.8 to 7.7%. These trends prove that an increase of the population in a small number of municipalities is stronger than that of the national population. In the Southern and island socio-economic regions, the situation was more critical because 75% of the municipalities experienced a negative variation in the population (Table 2 ). (1951-1961, 1961-1971, 1971-1981, 1981-1991, 1991-2001, and 2001-2011) . Source: our own elaboration on ISTAT data. Table 2 . Depopulated municipalities by major socio-economic region in inter-census periods (1961-1971, 1971-1981, 1981-1991, 1991-2001, and 2001-2011 After a period of concentration and polarization settlement among the municipalities, there is a period of stagnation and decline in depopulation [32] . In particular, between 1971 and 1981, fewer municipalities depopulated. In this period, the Italian population continued to increase by a growth rate of 4.5%, and only 49.1% of the municipalities experienced depopulation. This is in line with the so-called phenomenon of deurbanization [33] . On one hand, escape from the city occurs; whilst on the other hand, the real boundaries of the cities become wider. In general, the period of 1951-1971 was a phase of urbanization, while the following thirty years was a phase of deurbanization [34] .
The decade between 1981 and 1991 seems to be stationary for both the Italian population and migration flows. The mean of the depopulation indicator was 7.6%. The percentage of depopulated municipalities still decreased (48%). This was also seen in the Southern and island socio-economic regions (49%).
Between 1991 and 2001, a new acceleration of depopulation occurred in the Southern and island municipalities. In the Southern and island socio-economic regions, most of the municipalities (66%) started to experience a negative variation in population, while in the North only 36% of the municipalities experienced depopulation. In the Northern socio-economic region, especially in the Northeast, a population increase occurred in municipalities that had depopulated in the previous periods. This positive variation in the population can be attributed more to the migration dynamic rather than the natural dynamic. This demonstrated a new capacity of attraction for many of the Northern municipalities. Indeed, the positive migration balance between Italy and foreign countries can explain this attraction.
Finally, between 2001 and 2011, the number of depopulated municipalities decreased further, but in the South and island regions it remained similar to those of the previous period.
Around the end of the century and the beginning of the new millennium, population aging became the biggest problem in developed countries [35] . In fact, the demographic evolution after World War II provided the basis of population aging. As underlined previously, the increase in life expectancy and decrease in fertility altered the age structure of populations. They were associated with strong emigration to both national and subnational geo-areas. Initially, population aging was observed in the Northwest, which was the first region to experience economic development (Figure 2 ). In parallel, areas close to industrial centers were the first to send a young labor force and consequently, accelerate the population aging of those areas. The process involved all of the Italian territories, thanks to the diffusion of modern demographic behavior. In 2011, population aging appeared intense and widespread except for in some Southern areas, where the lack of economic development has partially slowed down the decrease in fertility rates. In the South of Italy, the fertility decline diffused later than in other regions. The maintenance of some traditional behaviors depended also on the scarce diffusion of female employment. Also, the presence of foreigners reduced the intensity of the population aging in some Northeastern areas [36] . At a first glance, there is no link between depopulation and population aging, except for in some municipalities of the Central Appennino and, obviously, in some Northwestern municipalities.
The relationship between depopulation and population aging can be biunivocal. So, there are two relationships: first, between depopulation in one period and population aging at the end of the period and second, between population aging at the beginning of the period and depopulation in the next. The first correlation points out that the depopulation process is connected to the population aging process recorded at the end of the period. On the contrary, the second correlation underlines the link between the population aging process and the subsequent depopulation caused by a youth exodus from aging areas. The Pearson' coefficients of correlation between the depopulation during the inter-census period and the population aging at the end of the period are always positive and statistically significant. The values are almost always more than 0.5, except for in the first two decades (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) (1961) The values of both correlations point to the existence of a link between the two phenomena. This link is very complex, but the relationship between the depopulation in a period and the population aging recorded at the end of the period is more significant.
Regression analysis was conducted to explore in depth the relationship between the two phenomena. The variation in the population coefficient was used to explain the population aging at the end of the period. The results demonstrated that an increase in depopulation corresponded to an increase in population aging. In the first two periods, the coefficients were very low, despite their significance. The capability of explanation of the model (expressed by the coefficient of determination, denoted R 2 ) was under 0.2. Since 1981, the population aging seems to be better explained (the R 2 is equal to 0.36) by the depopulation recorded in the previous period. The effect of the population variation increases in the models applied in recent periods, but not in the last period (Table 3) . Table 3 . Parameter estimates of different regression models and coefficients of determination (R 2 ). Effects of the variation in population in the previous inter-census period (Var(t − 10,t)) on the proportion of the population over 65 years (P 65+ (1. The demographic dynamics in the previous decades influence the population aging levels. These are also influenced by the previous dynamics, because demographic dynamics are, by their nature, characterized by long periods and profound inertia [37] . A more complex model was applied to the population aging recorded on 1 January 2011. In this model, the explicative variables are the population variables in the periods of 1961-1971, 1971-1981, 1981-1991, and 2001-2011 . With an R 2 superior to 0.5, the model shows how the population aging in municipalities is connected with depopulation occurring in all the considered periods. The population variable coefficients are positive and always significant ( Table 4 ). The depopulation verified in 1991-2001 had a major effect but was similar to that in 2001-2011 (Table 4) . Table 4 . Parameter estimates of regression model and coefficient of determination (R 2 ). Effects of the variation in population in the previous inter-census periods (Var(t − 10,t)) on the proportion of the population over 65 years (P 65+ (1. As hypothesized, the relationship between population aging and depopulation is continuing to be very important. The model shows that past and present depopulation is continuing to influence population aging at a sub-territorial level.
Ongoing depopulation and very high levels of population aging can cause a very altered age structure in the population and very low demographic dynamics, which identify situations of demographic malaise [38] .
So, an analysis of municipalities that have experienced continuing depopulation from the year 1951 (depopulated municipalities) has been conducted. We have found that 18% of Italian municipalities (a total of 1475) always experience depopulation. Of these municipalities, 50% of are in the Southern and island socio-economic regions and represent 27% of the total Southern and island municipalities. On 1 January 1951, these municipalities included 10% of the Italian population and on 1 January 2011 they included only 3% of the population. Based on the negative growth rate of the last decade (equal to −71.4 per 1000 inhabitants), this population of 2 million people is going to be reduced by half in less than 10 years. The number of these populations is variegated, but more than 50% of the depopulated municipalities have a population of less than 1000 inhabitants, and only 7% have more than 10,000. Three municipalities have less than 50 inhabitants and only one municipality has more than 20,000.
On 1 January 1951, population aging in the depopulated municipalities, equal to 12%, was on average a little bit higher than the national level, equal to 10%. Meanwhile, the differences have increased. On 1 January 2011 population aging, equal to 23.9% in Italy, reached 30.7% in the depopulated municipalities. In particular, the ratio between old and young is on average equal to 300:100.
This continuous depopulation seems to have drastically contributed to the high population aging in these municipalities. Already intense population aging is not sustainable, but to manage it together with continuous depopulation seems impossible.
Discussion and Conclusions
The high levels of depopulation and population aging are continuing to be very significant.
In the second half of the 1900s, ongoing depopulation in some Italian areas stressed the population aging process.
The results of both descriptive and explorative analyses lead to interesting results-these highlighted relationships, which were only partially known. Depopulation studies in general focus only on small territories and not the total national context. Furthermore, the relationships between depopulation and the aging population are known, but not through statistical analysis. Finally, these relationships have not been studied in recent times, that is after the 1970s.
The relationship between depopulation and population aging is alarming. This relationship is direct and double. On one hand, the depopulation process contributed to the subsequent levels of population aging. On the other hand, the population aging process contributed to the subsequent depopulation. In particular, depopulation has emphasized population aging. Past and present depopulation is continuing to influence population aging at a sub-territorial level.
The results underlined the difference between Northern and Southern regions: the economically and socially developed North could overcome important demographic problems, while the Southern regions-which are behind the Northern ones from a demographic point of view-are now facing important challenges, without having appropriate instruments to solve them.
In Italy, the role of immigration in the recovery of areas that were depopulated seems to be contained, despite many scientists finding this role to be relevant [39] . In particular, in the Southern macro region, immigration did not contribute to repopulation.
Depopulation and the aging population have reached such alarming levels that areas of demographic malaise can be identified [38] . Demographic recovery in some areas is really difficult without external action.
It is important to underline that the two considered phenomena are both determined by other dynamics, which have not been considered directly in this model. Here, the attention was focused only on the link between depopulation and population aging, without taking into account other variables. Further analysis will allow us to examine in depth the relationships with and the importance of other demographic and social variables.
Depopulation and population aging are the complex result of demographic dynamics. These processes pose important socio-economic and environmental issues, in particular in territories in which depopulation is intense. In these territories, political and economic sustainability is strongly questioned.
These results encourage further detailed studies. The role of demographic components and territorial differences should be evaluated further.
